Validator Provided

Certified Validation Report, Part A: Provided by Validator
Audit Information: CAVANAUGH

Water System Name: MOUNTAIN HOUSE COMMUNITY SERVICES DISTRICT
Public Water System Identification (PWSID)*: CA3910027

IList only 1 PWSID, which should match the PWSID on the FWAS Instructions Tab. For Special cases where multiple water systems are connected with
permanent two-way interties, list those additional PWSIDs in the Notes below and describe the water distribution system(s) configuration.

PWSID and Water System Configuration Notes (Provided to Validator by Water System):

Audit Period:

Validation Date: 11/17/2021

Sufficient Supporting Documents Provided: Yes
Validation Findings & Confirmation Statement:

Key Audit Metrics:

Data Validity Score: 72 Data Validity Band (Level): IV
ILI: 1.25 Real Loss: 18.65 gal/conn/day Apparent Loss: 9.72 gal/conn/day
Non-revenue water as percent of cost of operating system:

Certification Statement by Validator:

This water loss audit report has been Level 1 validated per the requirements of California Code of Regulations Title 23, Division 2, Chapter 7 and the California
Water Code Section 10608.34.

All recommendations on volume derivation and Data Validity Grades were incorporated into the water audit. X
If not, rejected recommendations are included here:

Validator Information:

Water Audit Validator: Drew Blackwell Qualifications: Water Audit Validater Certificate issued by the CA-NV Section of the AWWA

| DWR Version 9/16/21



Utility Provided

Certified Validation Report, Part B: Provided by Utility

Water System Name: MOUNTAIN HOUSE COMMUNITY SERVICES DISTRICT
Public Water System Identification (PWSID)?: CA3910027

2List only 1 PWSID, which should match the PWSID on the FWAS Instructions Tab. For Special cases where multiple water systems are connected with
permanent two-way interties, those additional PWSIDs should have been listed in the Notes section on Page 1 by the Validator.

Water Audit & Water Loss Improvement Steps:

1. Steps Taken: Water System to identify steps taken in the preceding 3 years to increase data validity, reduce real loss, and reduce
apparent loss as informed by the annual validated water audit:

To track and prevent real and apparent losses, advancement of a comprehensive water meter replacement was initiated i

|+
2. Planned Steps (OPTIONAL): If your audit reflects negative real losses or the cost of non-revenue water is greater than 100% of the

operating costs (issues for which vour audit will not meet code requirements), you will be asked what steps you are planning in the
coming vear to address these issues. If you already know what steps you plan to take, you may list them here. If not, please prepare a
response within 90 days (23 CCR Section 638.6/a]).

To track and prevent real and apparent losses, advancement of a comprehensive water meter replacement was initiated ii

[+
3. Certification Statement by Utility Executive:

This water loss audit report meets the requirements of California Code of Regulations Title 23, Division 2, Chapter 7 and the California Water Code
Section 10608.34 and has been prepared in accordance with the method adopted by the American Water Works Association, as contained in their
manual, Water Audit and Loss Control Programs, Manual M36, Fourth Edition and in the Free Water Audi

Executive Name (Print) Executive Position Signature
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AWWA Fr
Reporting Worksheet

P VRO AT B G0 o 8 ohoa oo S Ly - SRS Y s o ged 53, . i R s
Water Audit Report for: [Mountain House (GA39810027) ]
Reporting Year:| 2021 [[  7/2020-6/2021 |

Please enter data in the white cells below. Where available, metered values should be used; if metered values are unavailable please estimate a value, Indicate your confidence in the accuracy of the
input data by grading each component (n/a or 1-10) using the drop-down list to the left of the input cell. Hover the mouse over the cell to obtain a description of the grades

All volumes to be entered as: MILLION GALLONS (US) PER YEAR
To select the correct data grading for each input, determine the highest grade where

the utility meets or exceeds all criteria for that grade and all grades below it. Master Meter and Supply Error Adjustments
WATER SUPPLIED e Enter grading in column 'E' and 'J' ———--> Pent: Value:
Volume from own sources: [ IEH[ 7] 1,636.643| MGIYr 0.00% . MGIYr
Water imported: [l lEM [ na || 0.000| MGryr MGIYr
Waler exported: [l M| = 0.000] MGIYr ® O MGIYr
Enter negative % or value for under-registration
WATER SUPPLIED: | 1,636.643| Marvr Enter positive % or value for over-registralion
AUTHORIZED CONSUMPTION il Click here:
Billed metered: [N M [ & | 1,563.119] MGHYr for help using option
Billed unmetered: nla 0.000| MGHYr buttons below
Unbilled metered: I MEM | = 0.000| MerYr Pant; ___ Value:
Unbilled unmetered: | 5 | 4.092| MGrvr [ 1) @400 Imarve
A
i... Use bultons to select
AUTHORIZED GONSUMPTION: [ 1,567.211| Menve D canladR o

supplied
OR

+ value

WATER LOSSES (Water Supplied - Authorized Consumption) 69.432| MGHYr i
Apparent Losses Pent; ¥ Value:
Unauthorized consumption: MG/Yr [ (@) () |_ MG/Yr

Default option selected for unauthorized consumption - a grading of 5 is applied but not displayed
Customer metering inaccuracies:

15.789| MG/Yr 1.00% MG/YT
Systemalic data handling errors: 3.908| MGNYr | 0.25%| (@ MG

Default option selected for Systematic data handling errors - a grading of 5 is applied but not displayed
Apparent Losses: 23.788| Menr

Real Losses (Current Annual Real Losses or CARL)
Real Losses = Water Losses - Apparent Losses: 45,644 | MG/Yr

WATER LOSSES: [ 69.432| MGIYr

NON-REVENUE WATER
NON-REVENUE WATER: 73.524] MG

= Walter Losses + Unbilled Metered + Unbilled Unmetered
SYSTEM DATA

Length of mains: | s | 98.5| miles
Number of active AND Inactive service connections: [ 10 ] 6,704
Service connection density: 68| conn./mile main
Are customer meters typically located at the curbstop or property line? Yes (length of service line, bevond the property
Averaae length of customer service line: ? boundary, that is the responsibility of the utility)

Average length of customer service line has been set to zero and a data grading score of 10 has been applied

Average operating pressure: psi

COST DATA
Total annual cost of operating water system: $3,082,018| $/Year
Customer retail unit cost (applied to Apparent Losses): $0.91 |$.'1 00 cubic feat {ccf) ]
Variable production cost (applied to Real Losses): [ & | $853.88| $/Million gallons  [JUse Customer Retall Unit Cost to value real losses

WATER AUDIT DATA VALIDITY SCORE:

** YOUR SCORE IS: 72 out of 100 ***

A welghted scale for the components of consumptlion and water loss is included in the calculation of the Water Audit Data Validity Score

PRIORITY AREAS FOR ATTENTION:
Based on the Information provided, audit accuracy can be improved by addressing the following components:
| 1: Volume from own sources |

| 2: Customer metering inaccuracies |
[ 3:Unauthorized consumption |

AWWA Free Water Audit Software v5.0 Reporting Worksheet 2
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WAS V5.0
American WalerWorks Assomahon

Average Length of Customer
Service Line

outside of the customer building
next to the curb stop valve. In

point is essentially zero.

Figure 2 shows the
configuration of the customer
water meter located inside the
customer building, where Lp is
the distance from the curb stop
to the water meter.

Figure 3 shows the

simply, the building line.

In any water system the Lp will
vary notably in a community of
different structures, therefore
the average Lp value is used
and this should be
approximated or calculated if a
sample of service line
measurements has been
gathered.

Click for more

information

Copyright © 2014, AlliRights Reserved,

The three figures shown on this § Connectiont ™" 4 curb stop
worksheet display the H :
assignment of the Average ; H .
LS o Customma s i I
Line, Lp, fqr lthe three mos.t E i - 1 oo
common piping configurations. st LAt lrgop;m Kichar i'mmm ,
g Water Main  Curl H =l= pdary L Ij =
Figure 1 shows the b_\ H 1
configuration of the water meter —— /]

A

this configuration Lp = 0 since A
the distance between the curb .
stop and the customer metering Figure 1 Typical house connrgﬁzigll; Meter at curb stop

Connection

ground p pipe

from curb stop to meter)

configuration of an unmetered 1 NUNNERNRAN N AL
customer building , where Lp is curt Kitchon e
. P Faucet :
the distance from the curb stop | | Sormechan® .. %r.:,’::::‘,‘;, sdroom
to the first point of customer I
water consumption, or, more
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Collar

Typical house connection: Meter inside property
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Figure 3

Typical house connection: Unmetered
Not lo scale
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em Name Description
= unauthorized consumption + customer metering inaccuracies + systematic data handling errors
ABBArShE Apparent Losses include all types of inaccuracies associated with customer metering (worn meters as well as improperly sized meters or wrong type of meter
E;Jsses for the water usage profile) as well as systematic data handling errors (meter reading, billing, archiving and reporting), plus unauthorized consumption (theft or

illegal use).
NOTE: Over-estimation of Apparent Losses results in under-estimation of Real Losses. Under-estimation of Apparent Losses results in over-estimation of

Real Losses.

AUTHORIZED
CONSUMPTION

= billed water exported + billed metered + billed unmetered + unbilled metered + unbilled unmetered consumption

The volume of metered and/or unmetered water taken by registered customers, the water utility's own uses, and uses of others who are implicitly or explicitly
authorized to do so by the water utility; for residential, commercial, industrial and public-minded purposes.

Typical retail customers' consumption is tabulated usually from established customer accounts as billed metered consumption, or - for unmetered customers -
billed unmetered consumption. These types of consumption, along with billed water exported, provide revenue potential for the water ufility. Be certain to
tabulate the water exported volume as a separate component and do not "double-count" It by including in the billed metered consumption
component as well as the water exported component.

Unbilled authorized consumption occurs typically in non-account uses, including water for fire fighting and training, flushing of water mains and sewers, street
cleaning, watering of municipal gardens, public fountains, or similar public-minded uses. Occasionally these uses may be metered and billed (or charged a flat
fee), but usually they are unmetered and unbilled. In the latter case, the water auditor may use a default value to estimate this quantity, or implement
procedures for the reliable quantification of these uses. This starts with documenting usage events as they occur and estimating the amount of water used in
each event. (See Unbilled unmetered consumption)

View
Service

Connection
DIEFEEN

Average length of
customer service
line

This is the average length of customer service line, Lp, that is owned and maintained by the customer; from the point of ownership transfer to the customer
water meter, or building line (if unmetered). The quantity is one of the data inputs for the calculation of Unavoidable Annual Real Losses (UARL), which serves
as the denominator of the performance indicator: Infrastructure Leakage Index (ILI). The value of Lp is multiplied by the number of customer service
connections to obtain a total length of customer owned piping in the system. The purpose of this parameter is to account for the unmetered service line
infrastructure that is the responsibility of the customer for arranging repairs of leaks that occur on their lines. In many cases leak repairs arranged by customers
take longer to be executed than leak repairs arranged by the water utility on utility-maintained piping. Leaks run longer - and lose more water - on customer-
owned service piping, than utility owned piping.

If the customer water meter exists near the ownership transfer point (usually the curb stop located between the water main and the customer premises) this
distance is zero because the meter and transfer point are the same. This is the often encountered configuration of customer water meters located in an
underground meter box or "pit” outside of the customer's building. The Free Water Audit Software asks a "Yes/No" question about the meter at this location. If
the auditor selects "Yes" then this distance is set to zero and the data grading score for this component is set to 10.

If water meters are typically located inside the customer premise/building, or properties are unmetered, it is up to the water auditor to estimate a system-wide
average Lp length based upon the various customer land parcel sizes and building locations in the service area. Lp will be a shorter length in areas of high
density housing, and a longer length in areas of low density housing and varied commercial and industrial buildings. General parcel demographics should be
employed to obtain a composite average Lp length for the entire system.

Refer to the "Service Connection Diagram" worksheet for a depiction of the service line/metering configurations that typically exist in water utilities. This
worksheet gives guidance on the determination of the Average Length, Lp, for each configuration.

This is the average pressure in the distribution system that is the subject of the water audit. Many water utilities have a calibrated hydraulic model of their water

Average | distribution system. For these utilities, the hydraulic model can be utilized to obtain a very accurate quantity of average pressure. In the absence of a hydraulic
operating model, the average pressure may be approximated by obtaining readings of static water pressure from a representative sample of fire hydrants or other system
pressure access points evenly located across the system. A weighted average of the pressure can be assembled; but be sure to take into account the elevation of the
fire hydrants, which typically exist several feet higher than the level of buried water pipelines. If the water utility is compiling the water audit for the first time, the
average pressure can be approximated, but with a low data grading. In subsequent years of auditing, effort should be made to improve the accuracy of the
average pressure quantity. This will then qualify the value for a higher data grading.
Billed Authorized |All consumption that is billed and authorized by the utility. This may include both metered and unmetered consumption. See "Authorized Consumption" for
Consumption |more information.

Billed metered
consumption

All metered consumption which is billed to retall customers, including all groups of customers such as domestic, commercial, industrial or institutional. 1t does
NOT include water supplied to neighboring utilities (water exported) which is metered and billed. Be sure to subtract any consumption for exported
water sales that may be included in these billing roles. Water supplied as exports to neighboring water utilities should be included only in the Water
Exported component. The metered consumption data can be taken directly from billing records for the water audit period. The accuracy of yearly metered
consumption data can be refined by including an adjustment to account for customer meter reading lag time since not all customer meters are read on the
same day of the meter reading period. However additional analysis is necessary to determine the lag time adjustment value, which may or may not be
significant.

Billed unmetered
consumption

All billed consumption which is calculated based on estimates or norms from water usage sites that have been determined by utility policy to be left unmetered.
This is typically a very small component in systems that maintain a policy to meter their customer population. However, this quantity can be the key
consumption component in utilities that have not adopted a universal metering policy. This component should NOT include any water that is supplied to
neighboring utilities (water exported) which is unmetered but billed. Water supplied as exports to neighboring water utilities should be included

only in the Water Exported component,

AWWA Free Water Audit Software v5.0 Definitions 18




Item Name

Description

Customer
metering
inaccuracies

Apparent water losses caused by the collective under-registration of customer water meters. Many customer water meters gradually wear as large cumulative
volumes of waler are passed through them over time. This causes the meters to under-register the flow of water. This occurrence is common with smaller
residential meters of sizes 5/8-inch and 3/4 inch after they have registered very large cumulative volumes of water, which generally occurs only after periods of
years. For meters sized 1-inch and larger - typical of multi-unit residential, commercial and industrial accounts - meter under-registration can occur from wear
or from the improper application of the meter; i.e. installing the wrong type of meter or the wrong size of meter, for the flow pattern (profile) of the consumer.
For instance, many larger meters have reduced accuracy at low flows. If an oversized meter is installed, most of the time the routine flow will occur in the low
flow range of the meter, and a significant portion of it may not be registered. It is important to properly select and install all meters, but particularly large
customer meters, size 1-inch and larger.

The auditor has two options for entering data for this component of the audit. The auditor can enter a percentage under-registration (typically an estimated
value), this will apply the selected percentage to the two categories of metered consumption to determine the volume of water not recorded due to customer
meter inaccuracy. Note that this percentage is a composite average inaccuracy for all customer meters in the entire meter population. The percentage will be
multiplied by the sum of the volumes in the Billed Metered and Unbilled Metered components. Alternatively, if the auditor has substantial data from meter
testing activities, he or she can calculate their own loss volumes, and this volume may be entered directly.

Note that a value of zero will be accepted but an alert will appear asking if the customer population is unmetered. Since all metered systems have some
degree of inaccuracy, a positive value should be entered. A value of zero in this component is valid only if the water utility does not meter its customer
population.

Customer retail
unit cost

The Customer Retail Unit Cost represents the charge that customers pay for water service. This unit cost is applied routinely to the components of Apparent
Loss, since these losses represent water reaching customers but not (fully) paid for. Since most water utilities have a rate structure that includes a variety of
different costs based upon class of customer, a weighted average of individual costs and number of customer accounts in each class can be calculated to
determine a single composite cost that should be entered into this cell. Finally, the weighted average cost should also include additional charges for sewer,
storm water or biosolids processing, but only if these charges are based upon the volume of potable water consumed.

For water utilities in regions with limited water resources and a questionable ability to meet the drinking water demands in the future, the Customer Retail Unit
Cost might also be applied to value the Real Losses; instead of applying the Variable Production Cost to Real Losses. In this way, it is assumed that every unit
volume of leakage reduced by leakage management activities will be sold to a customer.

Note: the Free Water Audit Software allows the user to select the units that are charged to customers (either $/1,000 gallens, $/hundred cubic feet, or $/1,000
Iliires) and automatically converts these units to the units that appear in the "WATER SUPPLIED" box. The monetary units are United States dollars, $.

Infrastructure
Leakage Index
(ILI)

Find

The ratio of the Current Annual Real Losses (Real Losses) to the Unavoidable Annual Real Losses (UARL). The ILl is a highly effective performance indicator
for comparing (benchmarking) the performance of utilities in operational management of real losses.

Length of mains

Find

Length of all pipelines (except service connections) in the system starting from the point of system input metering (for example at the outlet of the treatment
plant). It is also recommended to include in this measure the total length of fire hydrant lead pipe. Hydrant lead pipe is the pipe branching from the water main
to the fire hydrant. Fire hydrant leads are typically of a sufficiently large size that is more representative of a pipeline than a service connection, The average
length of hydrant leads across the entire system can be assumed if not known, and multiplied by the number of fire hydrants in the system, which can also be
assumed if not known. This value can then be added to the total pipeline length. Total length of mains can therefore be calculated as:

Length of Mains, miles = (total pipeline length, miles) + [ {(average fire hydrant lead length, ft) x (number of fire hydrants)}/ 5,280 ft/mile ]

or
Length of Mains, kilometres = (total pipeline length, kilometres) + [ {(average fire hydrant lead length, metres) x (number of fire hydrants)} / 1,000
metres/kilometre ]

NON-REVENUE
WATER

Find

= Apparent Losses + Real Losses + Unbilled Metered Consumption + Unbilled Unmetered Consumption. This is water which does not provide revenue
potential to the utility.

Number of active

AND inactive

service
connections

Find

Number of customer service connections, extending from the water main to supply water to a customer. Please note that this includes the actual number of
distinct piping connections, including fire connections, whether active or inactive. This may differ substantially from the number of customers (or number of
accounts). Note: this number does not include the pipeline leads to fire hydrants - the total length of piping supplying fire hydrants should be
included in the "Length of mains" parameter.

Real Losses

Physical water losses from the pressurized system (water mains and customer service connections) and the ufility’s storage tanks, up to the point of customer
consumption. In metered systems this is the customer meter, in unmetered situations this is the first point of consumption (stop tap/tap) within the property.
The annual volume lost through all types of leaks, breaks and overflows depends on frequencies, flow rates, and average duration of individual leaks, breaks
and overflows,

Revenue Water

Service
Connection
Density

Find

Those components of System Input Volume that are billed and have the potential to produce revenue.

=number of customer service connections / length of mains
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Item Name

Description

Systematic data
handling errors

Apparent losses caused by accounting omissiens, errant computer programming, gaps in policy, procedure, and permitting/activation of new accounts; and any
type of data lapse that results in under-stated customer water consumption in summary billing reports.

Systematic Data Handling Errors result in a direct loss of revenue potential. Water utilities can find "lost" revenue by keying on this component.

Utilities typically measure water consumption registered by water meters at customer premises. The meter should be read routinely (ex: monthly) and the data
transferred to the Customer Billing System, which generates and sends a bill to the customer. Data Transfer Errors result in the consumption value being less
than the actual consumption, creating an apparent loss. Such error might occur from illegible and mis-recorded hand-written readings compiled by meter
readers, inputting an incorrect meter register unit conversion factor in the automatic meter reading equipment, or a variety of similar errors.

Apparent losses also occur from Data Analysis Errors in the archival and data reporting processes of the Customer Billing System. Inaccurate estimates used
for accounts that fail to produce a meter reading are a common source of error. Billing adjustments may award customers a rightful monetary credit, but do so
by creating a negative value of consumption, thus under-stating the actual consumption. Account activation lapses may allow new buildings to use water for
months without meter readings and billing. Poor permilting and construction inspection practices can result in a new building lacking a billing account, a water
meter and meter reading; i.e., the customer is unknown to the utility's billing system.

Close auditing of the permitting, metering, meter reading, billing and reporting processes of the water consumption data trail can uncover data management
gaps that create volumes of systematic data handling error. Utilities should routinely analyze customer billing records to detect data anomalies and quantify
these losses. For example, a billing account that registers zero consumption for two or more billing cycles should be checked to explain why usage has
seemingly halled. Given the revenue loss impacts of these losses, water utilities are well-justified in providing continuous oversight and timely correction of
data transfer errors & data handling errors.

If the water auditor has not yet gathered detailed data or assessment of systematic data handling error, it is recommended that the auditor apply the default
value of 0.25% of the Billed Authorized Consumption volume. However, if the auditor has investigated the billing system and its controls, and has well
validated data that indicates the volume from systematic data handling error is substantially higher or lower than that generated by the default value, then the
auditor should enter a quantity that was derived from the utility investigations and select an appropriate grading. Note: negative values are not allowed for this
audit component. If the auditor enters zero for this component then a grading of 1 will be automatically assigned.

Total annual cost
of operating the
water system

These costs include those for operations, maintenance and any annually incurred costs for long-term upkeep of the drinking water supply and distribution
system. It should include the costs of day-to-day upkeep and long-term financing such as repayment of capital bonds for infrastructure expansion or
improvement. Typical costs include employee salaries and benefits, materials, equipment, insurance, fees, administrative costs and all other costs that exist to
sustain the drinking water supply. Depending upen water utility accounting procedures or regulatory agency requirements, it may be appropriate to include
depreciation in the total of this cost. This cost should not include any costs to operate wastewater, biosolids or other systems outside of drinking water.

=

Unauthorized
consumption

Includes water illegally withdrawn from fire hydrants, illegal connections, bypasses to customer consumption meters, or tampering with metering or meter
reading equipment; as well as any other ways to receive water while thwarting the water utility's ability to collect revenue for the water. Unauthorized
consumption results in uncaptured revenue and creates an error that understates customer consumption. In most water utiliies this volume is low and, if the
water auditor has not yet gathered detailed data for these loss occurrences, it is recommended that the auditor apply a default value of 0.25% of the volume of
water supplied, However, if the auditor has investigated unauthorized occurrences, and has well validated data that indicates the volume from unauthorized
consumption is substantially higher or lower than that generated by the default value, then the auditor should enter a quantity that was derived from the utility
investigations. Note that a value of zero will not be accepted since all water utilities have some volume of unauthorized consumption occurring in their system.

Note: if the auditor selects the default value for unauthorized consumption, a data grading of 5 is automatically assigned, but not displayed on the Reporting
Worksheet.

Unavoidable
Annual Real
Losses (UARL)

UARL (gallons/day)=(5.41Lm + 0.15Nc + 7.5Lc) xP,
or
UARL (litres/day)=(18.0Lm + 0.8Nc + 25.0Lc) xP

where:
Lm = length of mains (miles or kilometres)
Nc = number of customer service connections
Lp = the average distance of customer service connection piping (feet or metres)
(see the Worksheet "Service Connection Diagram" for guidance on deterring the value of Lp)

Lc = total length of customer service connection piping (miles or km)

Lec =Nc X Lp (miles or kilometres)
P = Pressure (psi or metres)

The UARL is a theoretical reference value representing the technical low limit of leakage that could be achieved if all of today's best technology could be
successfully applied. It is a key variable in the calculation of the Infrastructure Leakage Index (ILI). Striving to reduce system leakage to a level close to the
UARL is usually not needed unless the water supply is unusually expensive, scarce or both.

NOTE: The UARL calculation has not yet been proven as fully valid for very small, or low pressure water distribution systems. If,
lin_gallons per day:

(Lm x 32) + Nc < 3000 or

P <35psi

|in litres per day:

(Lm x 20) + Nc < 3000 or

P <25m

then the calculated UARL value may not be valid. The software does not display a value of UARL or ILI if either of these conditions is true.
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Item Name

Description

Unbilled
Authorized
Consumption

All consumption that is unbilled, but still authorized by the utility. This includes Unbilled Metered Consumption + Unbilled Unmetered Consumption. See
"Authorized Consumption" for more information. For Unbilled Unmetered Consumption, the Free Water Audit Software provides the auditor the option to select
a default value if they have not audited unmetered activities in detail. The default calculates a volume that is 1.25% of the Water Supplied volume. If the
auditor has carefully audited the various unbilled, unmetered, authorized uses of water, and has established reliable estimates of this collective volume, then he
or she may enter the volume directly for this component, and not use the default value.

Unbilled metered
consumption

Metered consumption which is authorized by the water utility, but, for any reason, is deemed by utilily policy to be unbilled. This might for example include
metered water consumed by the utility itself in treatment or distribution operations, or metered water provided to civic institutions free of charge. It does not
include water supplied to neighboring utilities (water exported) which may be metered but not billed.

Unbilled
unmetered
consumption

Any kind of Authorized Consumption which is neither billed or metered. This component typically includes water used in activities such as fire fighting, flushing
of water mains and sewers, street cleaning, fire flow tests conducted by the water utility, etc. In most water utilities it is a small component which is very often
substantially overestimated. It does NOT include water supplied to neighboring utilities (water exported) which is unmetered and unbilled ~ an
unlikely case. This component has many sub-components of water use which are often tedious to identify and quantify. Because of this, and the fact that it is
usually a small portion of the water supplied, it is recommended that the auditor apply the default value, which is 1.25% of the Water Supplied volume, Select
the default percentage to enter this value.

If the water utility has carefully audited the unbilled, unmetered activities occurring in the system, and has well validated data that gives a value substantially
higher or lower than the default volume, then the auditor should enter their own volume. However the default approach is recommended for most water utilities.

Note that a value of zero is not permitted, since all water utilities have some volume of water in this component occurring in their system.

Units and
Conversions

The user may develop an audit based on one of three unit selections:

1) Million Gallons (US)

2) Megalitres (Thousand Cubic Metres)

3) Acre-feet

Once this selection has been made in the instructions sheet, all calculations are made on the basis of the chosen units. Should the user wish to make
additional conversions, a unit converter is provided below (use drop down menus to select units from the yellow unit boxes):

Convert From... Converts to.....
Million Gallons (US) | = 300888320 |
(conversion factor = 3.06888328973723)

Enter Units:

[ 1

Acre-feet

B

Use of Option
Buttons

To use the default percent value choose this button To enter a value choose this button and enter the value in the cell to the right

¥ Value:
P

Pent: 4
1.25%| ® © |

NOTE: For Unbilled Unmetered Consumption, Unauthorized Consumption and Systematic Data Handling Errors, a recommended default value can
be applied by selecting the Percent option. The default values are based on fixed percentages of Water Supplied or Billed Authorized Consumption
and are recommended for use in this audit unless the auditor has well validated data for their system. Default values are shown by purple cells, as
shown in the example above.

If a default value is selected, the user does not need to grade the item; a grading value of 5 is automatically applied (however, this grade will not be
displayed).

Variable
production cost
(applied to Real

Losses)

The cost to produce and supply the next unit of water (e.g., $/million gallons). This cost is determined by calculating the summed unit costs for ground and
surface water treatment and all power used for pumping from the source to the customer. It may also include other miscellaneous unit costs that apply to the
production of drinking water. It should also include the unit cost of bulk water purchased as an import if applicable.

It is common to apply this unit cost to the volume of Real Losses. However, if water resources are strained and the ability to meet future drinking water
demands is in question, then the water auditor can be justified in applying the Customer Retail Rate to the Real Loss volume, rather than applying the Variable
Production Cost.

The Free Water Audit Software applies the Variable Production costs to Real Losses by default. However, the auditor has the option on the Reporting
Worksheet to select the Customer Retall Cost as the basis for the Real Loss cost evaluation if the auditor determines that this is warranted.

Volume from own
sources

The volume of water withdrawn (abstracted) from water resources (rivers, lakes, streams, wells, etc) controlled by the water utility, and then treated for potable
water distribution. Most water audits are compiled for utility retail water distribution systems, so this volume should reflect the amount of treated drinking water
that entered the distribution system. Often the volume of water measured at the effluent of the treatment works is slightly less than the volume measured at the
raw water source, since some of the water is used in the treatment process. Thus, it is useful if flows are metered at the effluent of the treatment works. If
metering exists only at the raw water source, an adjustment for water used in the treatment process should be included to account for water consumed in
treatment operations such as filter backwashing, basin flushing and cleaning, etc. If the audit is conducted for a wholesale water agency that sells untreated
waler, then this quantity reflects the measure of the raw water, typically melered at the source.
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Item Name

Description

Volume from own
sources: Master
meter and supply
error adjustment

An estimate or measure of the degree of inaccuracy that exists in the master (production) meters measuring the annual Volume from own Sources, and any
error in the data trail that exists to collect, store and report the summary production data. This adjustment is a weighted average number that represents the
collective error for all master meters for all days of the audit year and any errors identified in the data trail. Meter error can occur in different ways. A meter or
meters may be inaccurate by under-registering flow (did not capture all the flow), or by over-registering flow (overstated the actual flow). Data error can occur
due to data gaps caused by temporary outages of the meter or related instrumentation. All water utilities encounter some degree of inaccuracy in master
meters and data errors in archival systems are commeon; thus a value of zero should not be entered. Enter a negative percentage or value for metered data
under-registration; or, enter a positive percentage or value for metered data over-registration.

Water exported

Find

The Water Exported volume is the bulk water conveyed and sold by the water utility to neighboring water systems that exisls outside of their service area.
Typically this water is metered at the custody transfer point of interconnection between the two water utilities. Usually the meter(s) are owned by the water
utility that is selling the water: i.e. the exporter. If the water utility who Is compiling the annual water audit sells bulk water in this manner, they are an exporter of
water.

Note: The Water Exported volume is sold to wholesale customers who are typically charged a wholesale rate that is different than retail rates charged to the
retail customers existing within the service area. Many state regulatory agencies require that the Water Exported volume be reported to them as a quantity
separate and distinct from the retail customer billed consumption. For these reasons - and others - the Water Exported volume is always quantified separately
from Billed Authorized Consumption in the standard water audit. Be certain not to "double-count” this quantity by including it in both the Water Exported
box and the Billed Metered Consumption box of the water audit Reporting Worksheet. This volume should be included only in the Water Exported
box.

Water exported:
Master meter and
supply error
adjustment

Find

An estimate or measure of the volume in which the Water Exported volume is incorrect. This adjustment is a weighted average that represents the collective
error for all of the metered and archived exported flow for all days of the audil year. Meter error can occur in different ways. A meter may be inaccurate by
under-registering flow (did not capture all the flow), or by over-registering flow (overstated the actual flow). Error in the metered, archived data can also occur
due to data gaps caused by temporary outages of the meter or related instrumentation. All water utilities encounter some degree of error in their metered data,
particularly if meters are aged and infrequently tested. Occasional errors also occur in the archived data. Thus, a value of zero should not be entered. Entera
negative percentage or value for metered data under-registration; or enter a positive percentage or value for metered data over-registration. If regular meter
accuracy testing is conducted on the meter(s) - which is usually conducted by the water utility selling the water - then the results of this testing can be used to
help quantify the meter error adjustment. Corrections to data gaps or other errors found in the archived data should also be included as a portion of this meter
error adjustment,

Water imported
Find

The Water Imported volume is the bulk water purchased to become part of the Water Supplied volume. Typically this is water purchased from a neighboring
water utility or regional water authority, and is metered at the custody transfer point of interconnection between the two water utilities. Usually the meter(s) are
owned by the water supplier selling the water to the utility conducting the water audit. The water supplier selling the bulk water usually charges the receiving
utility based upon a wholesale water rate,

Water imported:
Master meter and
supply error
adjustment

Find

An estimate or measure of the volume in which the Water Imported volume is incorrect. This adjustment is a weighted average that represents the collective
error for all of the metered and archived imported flow for all days of the audit year. Meter error can occur in different ways. A meter may be inaccurate by
under-registering flow (did not capture all the flow), or by over-registering flow (overstated the actual flow). Error in the metered, archived data can also occur
due to data gaps caused by temporary outages of the meter or related instrumentation. All water utilities encounter some level of meter inaccuracy, particularly
if meters are aged and infrequently tested. Occasional errors also occur in the archived metered data. Thus, a value of zero should not be entered. Enter a
negative percentage or value for metered data under-registration; or, enter a positive percentage or value for metered data over-registration. If regular meter
accuracy testing is conducted on the meter(s) - which is usually conducted by the water utility selling the water - then the results of this testing can be used to
help quantify the meter error adjustment.

WATER LOSSES

Find

= apparent losses + real losses

Water Losses are the difference between Water Supplied and Authorized Consumption. Water losses can be considered as a total volume for the whole
system, or for partial systems such as transmission systems, pressure zones or district metered areas (DMA); if one of these configurations are the basis of the
water audit.
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WAS v5.0

AWWA Free Water Audit Software:

_Examlrles of Comleted and Vahdated Audits

[ Example 1a: Million Gallons: ] [ Example 1b: Million Gallons: ] [ ExampIeZa Megalitres: ] [ ExampleZb Megalitres:

Performance Indicators Reporting Worksheet Reporting Worksheet

AWWA Free Water Audit Software: WAS 5.0

American Water Works Association

C . Reporting Worksheat e dis A Copyrighit ®2014, All Righis Resened
En w Water Audit Report for: [Gity of Asheville (01-11-010) ]

BN [ ko0 a comment ] Reporting Year:| 2013 || 7z012-6/2013 |

Please enler data in the while cells below, Where available, metered values should be used; if melered values are unavailable please estimate a value. Indicale your confidence in the accuracy of
the input data by grading each companent (n/a or 1-10) using the drop-dewn list to the left of the inpul cell. Hover the mouse aver the cell to obtain a description of the grades

All volumes to be entered as: MILLION GALLONS (US) PER YEAR
To select the correct data grading for each input, determine the highest grade where

the utility meets or exceeds all criteria for that grade and all grades below it. Master Meter Error Adjustments
WATER SUPPLIED Sk Enter grading in column 'E' and 'J' ----—--- > Pent; Value:
Volume from own sources: [ 7,352.880| Mofvr EER O @ |285.450 MOGIYT
Waler imported: ? 0.000| MGrYr @ O MGIYr
Water exported; 0.000| MarYr ® O MGIYr
Enter negalive % or value for under-registration
WATER SUPPLIED; [ 7,067.430] Marvr Enter positive % or value for over-registration
AUTHORIZED CONSUMPTION Click here:
Billed metered; IEM IEM[ o 4,782.250] MGI¥r for help using option
Billed unmetered: I IEM | wa) 0.000] MGIYr butlons below
Unbilled metered: I M| 7 27.757| MGINr Pent; Value:
Unbilled unmetered; [ IEH| = 157.790| Marve [ To @ [157.790 M
Unbilled Unmetered wvolurme entered is grealer than the recommended default value ~
i... Use buttons to select
AUTHORIZED CONSUMPTION: [ 4,967.797| marve percentage of waer
supplied
OR
WATER LOSSES (Water Supplied - Authorized Gonsumption) 2,099,633 | MG i vello
Apparent Losses Pcnt: ¥ Value:
1
Unauthorized consumption: 17.668| MGIYr l 025% @ © | |MGIYr
Default option selected for unauthorized consumption - a grading of & is applied but not displayed
Customer metering inaccuracies: 111.220| Marvr [ 226%] ® © | |marve
Systemalic dala handling errors: [l IEM 11.956| MGIYr |T025%| @ o | (Ve
Default option selected for Systematic data handling errors - a grading of 6 is applied but not displayed
Apparent Losses: 140.844| MG/Yr
Real Losses (Current Annual Real Losses or CARL)
Real Losses = Water Laosses - Apparent Losses: 1,958,789 MGiYr
WATER LOSSES: [ 2,099.633| mervr
NON-REVENUE WATER
NON-REVENUE WATER: 2,285.180] MoiYr
= Waler Losses + Unbilled Metered + Unbilled Unmetered
SYSTEM DATA
Length of mains: [ IEM| 4 1,236.5| miles
Number of active AND inactive service connections: 55,256
Sendce connection density: 45| conn./mile main
Are customer meters typically localed at the curbstop or properly Ine? : Yes (lenglh of service line, beyond the property
Awerage length of custamer senvce line: | + | 7 ] boundary, thal is the responsibility of the ulility)
Average length of customer service line has been set to zero and a data grading score of 10 has been applied
Avwerage operating pressure: [E5I IEH[ 4 | 145.3 psi
COST DATA
Tolal annual cost of operaling water system: -- Iﬂ $33,630,676| $/Year
Guslomer retail unit cost (applied ta Apparent Losses): IS IEH| 10 $3.22|[$/100 cubic feet (ccf)
Variable production cost (applied to Real Losses): IS IEM| ¢ | $335.94| $iMillion gallons [ Use Customer Retall Unit Cost to value real losses

WATER AUDIT DATA VALIDITY SCORE:
r * YOUR SCORE IS: 72 out of 100 ***
A weighled scale for the compenents of consumption and water loss is included in the cakculation of the Waler Audit Data Validity Score
PRIORITY AREAS FOR ATTENTION:

Based on the information provided, audit accuracy can be improved by addressing the following components:
[_1: Volume from own sources J

I 2: Varlable production cost (applied to Real Losses) |
[ 3:Unauthorized ¢ ption |
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AWWA Free Water Audit Software:

System Attributes and Perfo_rmance Indicators

WAS v6.0

American Water Works Association.
Copyright © 2014, All Rights Reserved.

Water Audit Report for: | City of Asheville (01-11-010)

Reporting Year:| 2013 || 7/2012- 6/2013

** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 72 out of 100 ***

System Attributes:

Apparent Losses:

+ Real Losses:

140.844 |MGHYr

1,958.789 |MG/Yr

Water Losses:

2,099.633 |MG/ve

Unavoidable Annual Real Losses (UARL):

Annual cost of Apparent Losses:
Annual cost of Real Losses:

erfo

Non-revenue water as percent by volume of Water Supplied:

Financial: -{

Non-revenue water as percent by cost of operaling system:

Apparent Losses per service connection per day:

Sustatanal b Real Losses per service connection per day:
perationa ciency: :

Real Losses per length of main per day*:

Real Losses per service connection per day per psi pressure:

From Above, Real Losses = Cument Annual Real Losses (CARL):
Infrastructure Leakage Index (ILI) [CARL/UARL]:

794.34|MG/Yr

$606,265]

$658,036] Valued at Variable Production Cost

Relurn to Reporting Worksheet to change this assumpilon

32.3%|

3.9%| Real Losses valued at Variable Production Cost

6.98gallons/connection/day

97.12|gallons/connection/day

NIA]

0.67 |gallons/connection/day/psi

1.958.79Imi1|i0n gallons/year

247

* This performance indicator applies for systems with a low service connection density of less than 32 service connections/mile of pipeline
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WAS v5.0

Water Audit Report for: |The City of Calgary |

N [ ciok toadd o comment_| Reporting Year:| 2013 |[ 1/2013-1212013 |

Please enter dala In the white cells below. Where available, melered values should be used; if metered values are unavailable please eslimate a value. Indicate your canfidence in the accuracy of
the input data by grading each component (n/a or 1-10) using the drop-down list to the left of the input cell. Hover the mouse over the cell to obtain a description of the grades

All volumes to be entered as: MEGALITRES (THOUSAND CUBIC METRES) PER YEAR
To select the correct data grading for each input, determine the highest grade where

the utility meels or exceeds all criteriafor that grade and all grades below it. Master Meter Error Adjustments
WATER SUPPLIED S s Enter grading in column 'E' and 'J' ----—----->  pgnt: Value:
Volume from own sources: [l IEM| 7 ) 174,324.000| MLAYr 1.00%|® © MLAYT
Water imported: EN| ] 0.000] MLIYF 2 | ® © ML
Water exported: [ JEH| 7 8,190.131| ML/ 1.00%|® © MLAYT
Enter negative % or value for under-registration
WATER SUPPLIED; | 164,488.973] MLAYT Enter positive % or value for over-registration
AUTHORIZED CONSUMPTION click here: [N
Billed metered: [ 6] 125,111.268] MLAYT for help using option
Billed unmetered: B 3,503.386| ML/Yr butions helaw
Unbilled metered: -- KA 166.157| MUYr Penl: Value:
Unbilled unmetered: [ NEM| s 1,444.000| MLAT [ 1o @ |1,444.000 |wsrve
A
i
i..... Use buttons to select
AUTHORIZED CONSUMPTION: [ 130,224.811| Murve percentage of water
supplied
i
WATER LOSSES (Water Supplied - Authorized Gonsumption) 34,264.168| MUve R e
Apparent Losses 5 Pent: v Value
Unauthorized consumption: 411.222| MUYT [ozsnl@ o | im.m
Default option selected for thorized cor ption - a grading of 6 is applied but not displayed
Customer metering inaccuracies: 1,265.429| MUAT [ 1000l @ © | [mLrve
Syslematic dala handling errors: 312.778| MUYr [T025%| @ o | LA

Default option selected for Systematic data handling errors - a grading of & Is applied but not displayed

Apparent Losses: 1,989.429| MLV
Real Losses (Current Annual Real Losses or CARL)

Real Losses = Water Losses - Apparent Losses: ML
WATER LOSSES: [ 34,264.168] muve

NON-REVENUE WATER
NON-REVENUE WATER: 35,874.325) MUY

= Waler Losses + Unbliled Metered + Unbilled Unmetered

SYSTEM DATA
Length of mains: [ &) 4,945.0| kilometers
Number of aclive AND inaclive senvice connections: [ESI IEH | & 312,075
Senvice connection density: 63| conn./km main
Are customer meters typically located at the curbstop or property line? N (o0 rvieh ot Bevardilie
Ry . bevond the property
Awerage length of customer service line: IE IEM[ = melres boundary, that is the respansibility of the utilty)
Awerage operating pressure: melres (head)
COST DATA
Tolal annual cost of operating water system: - n n $169,973,759| $ivear
Customer retail unit cost (applied to Apparent Losses): n $2.356 |$I1 000 lifres
Variable production cost (applied to Real Losses): | [ o] $73.54] $iMegalitre Use Customer Retall Unit Cost to value real fosses

WATER AUDIT DATA VALIDITY SCORE:

**YOUR SCORE IS: 72 out of 100 ***
A welghled scale for the companents of consumption and waler loss is included in the caleulation of the Waler Audit Data Validity Score
PRIORITY AREAS FOR ATTENTION:
Based on the information provided, audit accuracy can be improved by addressing the following companents:
[ 4: Volume from own sources |
| 2: Billed metered |
[ 3: Customer metering Inaccuracies |
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AWWA Free Water Audit Software: WAS v5.0

Amarican Water Works Association.

System Attributes and Performance Indicators Copyiight © 2014, All Rights Reserved.

Water Audit Report for:|The City of Calgary
Reporting Year:| 2013 || 1/2013 - 12/2013 |

**YOUR WATER AUDIT DATA VALIDITY SCORE IS: 72 out of 100 **

System Attributes:
Apparent Losses: 1,989.429 |MLAYr
+ Real Losses; 32,274.739 [MUYT
= Water Losses: 34,264.168 |MLYr
Unavoidable Annual Real Losses (UARL): | 8,015.57|MLYr
Annual cost of Apparent Losses: | $4,675,159|

Annual cost of Real Losses: | $75,845,637] Valued at Customer Retail Unit Cost
Return to Reporting Worksheetto change this assumpiton

Performance Indicators:
Non-revenue water as percent by volume of Water Supplied:
Financial:
Non-revenue water as percent by cost of operaling system:

21.8%|
49.6%) Real Losses valuad at Customer Retall Unit Cost

17.47|litres/connection/day
283.34]litres/connection/day
N/A|
5.58|litres/connection/day/m

Apparent Losses per service connection per day:

Real Losses per service cannection per day: |
Operational Efficiency: |

Real Losses per length of main per day*:

Real Losses per service connection per day per meter (head) pressure:

From Above, Real Losses = Current Annual Real Losses (CARL): | 32,274.74|MLiyear
Infrastructure Leakage Index (ILI) [CARL/UARL]: | 4.03]

* This performance indicator applies for systems with a low service connection density of less than 20 service connections/kilometre of pipeline
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